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(57) Abstract: Novel peptide having a sequence according to SEQ. ID. No.l, SEQ. ID. No. 2 and/or SEQ. ED. No. 3 are disclosed 
and also polypeptide scaffold consisting of a four helix bundle formed of two dimerized helix-loop-helix motifs, said helix -loop-helix 
motifs having sequences according to SEQ. ID. No. 1, SEQ. ID. No. 2 and/or SEQ. DO. No. 3 which may comprise a fluorescent 
probe at the side chain of Lysl5 and a Hgand with affinity for a target molecule at the side chain of Lys8 or Lys34. Also disclosed 
are polypeptide scaffolds for use in biosensing applications with or without the polypeptide scaffold anchored to a solid surface. 
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NOVEL POLYPEPTIDE SCAFFOLDS AND USE THEREOF 



Field of the invention 

The present invention relates to novel polypeptide scaffolds and use 
thereof. 



5 Background of the invention 

The de novo design of folded polypeptides aims at improving our under- 
standing of protein structure, and also provides a platform for the engineering 
of new proteins with tailored functions [DeGrado, W. F.; Summa, C. M; Pa- 
vone, V.; Nastri, F.; Lombardi, A. Annu. Rev. Biochem. 1999, 68, 779-819; 

10 Micklatcher, C; Chmielewski, J. Curr. Opin. Chem. Biol 1999, 3, 724-729; 
Baltzer, L.; Nilsson, H.; Nilsson, J. Chem. Rev, 101,3153-3164. Designed, 
folded polypeptides that undergo pH-controlled, site selective self-functionali- 
zation with ligands [Broo, K.; Brive, L.; Lundh, A. C; Ahlberg, P.; Baltzer, L. 
J. Am. Chem. Soc. 1996, 118, 8172-8173; Baltzer, L.; Nilsson, J. Curr. Opin. 

15 Biotechnol 2001, 12, 355-360] constitute an excellent toolbox for the con- 
struction of various complex molecular systems, e. g. model glycoproteins 
[Andersson, L.; Stenhagen, G.; Baltzer, L. J. Org. Chem. 1998, 63, 1366-1367; 
Andersson, L. K.; Dolphin, G. T.; Kihlberg, J.; Baltzer, L. /. Chem. Soc.- 
Perkin Trans. 2 2000, 459-464] or complex receptors. 

20 

Summary of the invention 

The object of the present invention is to provide folded, ligand modified 
helix-loop^-helix polypeptide scaffolds that connect the key biosensing events 
of recognition and reporting. The well characterized interaction between the 

25 enzyme human carbonic anhydrase H, HCAII, and its inhibitor 4- 

carboxybenzenesulfonamide [Vidgren, J.; Svensson, A.; Liljas, A. Int. J. Biol. 
Macromol. 1993, 75, 97-100] (la) was selected for a proof of principle demon- 
stration. However, the variety of molecules that can be incorporated, and the 
ease by which their relative positions can be varied, allow for functional units 

30 for a wide range of receptor-ligand systems to be systematically developed. 

More precisely, the present invention relates to novel peptides having a 
sequence according to SEQ. ID. No. 1, SEQ. ID. No. 2 and/or SEQ. ID. No. 3. 
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These peptides constitute helix-loop-helix motifs. The helix-loop-helix motif 
having SEQ. ID. No. 2 is shown as KE2 in figure 6, and the helix-loop-helix 
motif having SEQ. ID. No. 3 is shown as KE3 in figure 6. 

The invention also relates to polypeptide scaffold consisting of a four 
5 helix bundle formed of two helix-loop-helix motifs, i.e. two of the above men- 
tioned peptides, which have dimerized. 

Furthermore, the invention relates to the use the above mentioned poly- 
peptide scaffolds in bioanalytical/biosensor applications. 

Finally, the invention relates to the use of such polypeptide scaffolds in 
10 biosensors for determination of protein concentrations and/or protein affinities. 

The characterizing features of the invention will be evident from the 
following description and the appended claims. 

Detailed description of the invention 

15 Preferred polypeptide scaffold according to the invention are SEQ. ID. 

Nol, KE2 (SEQ. ID. No. 2) and KE3 (SEQ. ID. No. 3) bound to a polypeptide 
sequence that makes them form a helix-loop-helix motif. Thus KE2 may di- 
merize with a second copy of KE2 to form a four-helix bundle, and KE3 may 
dimerize with a second copy of KE3 to form a four-helix bundle. KE2 may 

20 also dimerize with KE3, to form a heterodimer or with SEQ. ID. Nol or an- 
other sequence based on that of KE2 or KE3, and that have the same hydro- 
phobic residues in the same positions in the sequence and form the helix-loop- 
helix motif. 

The polypeptide scaffold according to the invention preferably com- 
25 prises a ligand with affinity for a target molecule or ion. By "target molecule or 
ion" is intended a molecule or ion to which said ligand binds for the purpose of 
detection and quantification. For example, if the polypeptide scaffold has been 
functionalized with a ligand that specifically binds a metal ion the purpose is to 
detect and quantify that "target" metal ion. If the polypeptide scaffold has been 
30 functionalized with a ligand with high specificity for a protein the purpose is to 
identify and quantify that "target" protein. Targets include , but are not limited 
to metal ions and proteins. Interesting target molecules are, e.g., biomolecules. 
Preferably said ligand is localized at the side chain of a lysine residue. In KE2 
this lysine residue preferably is Lys34 because it is preferentially acylated due 
35 to its low pKa value and in KE3 this lysine residue is Lys8 because it is close 
to the His residue in position 1 1 which ensures the site selectivity. The choice 
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of the ligand depends on the intended use of the polypeptide scaffold. For de- 
tection of enzymes the ligand is chosen from their known inhibitors, for detec- 
tion of proteins other than enzymes, that have high affinity ligands, the ligand 
to be attached to the scaffold is chosen from the known ligands of the protein. 
5 For carbohydrate binding proteins the ligand is a carbohydrate. For DNA and 
RNA the ligand is DNA, RNA or PNA. For target proteins for which there are 
no known ligands, the ligands to be attached to the scaffold are several com- 
pounds from a combinatorial library. One example of such a ligand is benzene- 
sulfonamide which is an inhibitor of carbonic anhydrase II. Any thrombin in- 

10 hibitor can be used for the detection of thrombin and protease inhibitors can be 
used for the detection of proteases. For detection of ions the ligand is an ion 
binding functionality or chelating group. 

The polypeptide scaffold according to the invention preferably also 
comprises a reporter group, or reporting group, for enabling detection of the 

15 binding to the ligand. Identification and quantification of a target ion is for ex- 
ample of interest in'the study of environmental pollution or in process control. 
Identification and quantification of biomolecules such as metabolites or pro- 
teins are of interest in the diagnosis and treatment of disease. The reporter 
group can e.g. be a fluorescent probe. This fluorescent probe may be e.g. dan- 

20 syl, fluorescein, rhodamine or Oregon Green derivatives. Preferably it is at- 
tached to the side chain of Lysl5. The positions of the ligand and the fluores- 
cent probe may be reversed in each polypeptide. 

The ligand and the reporter group may either both be attached to the 
same polypeptide chain or be attached to different polypeptide chains of the 

25 dimer. 

Two or more polypeptide scaffolds may be arranged e.g. in the form of 
an array oh a biosensor chip or in the wells of a microtiter plate. When a mi- 
croliter plate is used, the polypeptide scaffolds may be present in a solution or 
in a polymeric hydrogel in the wells of the plate. It may also be possible to use 

30 a solution in indentations, pits or cavities on the chip or in the wells of the mi- 
crotiter plate. The chip can be made of metal, insulator, semiconductor or 
polymer. The chip can also consist of a thin coating of the above mentioned 
materials, e.g. in the form of an array, on top of a supporting substrate. 

It is often preferable to immobilize the polypeptide scaffolds on the sur- 

35 face of e.g. a chip, a microtiter plate, a vesicle, a micelle, or a membrane. Ex- 
amples of such surfaces are artificial surfaces such as modified or unmodified 
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surfaces of a metal, an insulator, a semiconductor or a polymer. Other exam- 
ples of surfaces to which the polypeptide scaffoldes may be immobilized are 
surfaces of vesicles, micelles and membranes. It may be preferable to include 
an anchoring group in the polypeptide scaffold according to the invention. One 
5 way of doing this is to introduce an amino acid with a high affinity for the sur- 
face onto which the polypeptide scaffolds are to be immobilized, such as a chip 
or microtiter plate or a vesicle or membrane. One example of doing this is to 
introduce at position 22 of the loop region a Cys, Lys or Glu residue or a non- 
natural amino acid. The site of introduction is not limited to position 22, but 

10 may be any position in the loop region in positions 20-24 of the sequence. The 
non-natural amino acid may e.g. have an aminooxy function. Another way is to 
attach a bifunctional linker molecule to an amino acid residue in the polypep- 
tide. Preferably, the anchoring group has been introduced site-specifically into 
the polypeptide scaffold by attachment of a bifunctional molecule to an amino 

1 5 acid residue specifically introduced to react chemoselectively or site- 
selectively with the bifunctional linker molecule according to the principles 
described above.. The introduced amino acid or linker molecule should be able 
to form a strong chemical bond to the surface onto which the polypeptide scaf- 
folds are to be immobilized, such as a chip or microtiter plate or a vesicle or 

20 membrane, and they could be of the type -SH, COOH, NH 2 , biotin, his-tag, 
fatty acid, cholesterol etc. The bifunctional molecule may have the general 
structure X-R n -Y, wherein X is a functional group of the type COOH, NH 2 , 
SH, SSAr, CHO, CH 2 Br, CH 2 C1, or CH 2 I, R„ is an alkyl or ethylene glycol 
chain comprising n carbons, and Y is a group of the type COOH, NH 2 , SH, 

25 biotin, biotin analogue, His-tag, fatty acid or cholesterol. 

The binding of the polypeptide scaffold can occur either directly to the 
substrate surface onto which the polypeptide scaffolds are to be immobilized, 
such as a chip or microtiter plate or a vesicle or membrane, or indirectly via a 
surface modification formed on the surface onto which the polypeptide scaf- 

30 folds are to be immobilized, such as a chip or microtiter plate or a vesicle or 
membrane. The surface modification can be a self-assembled monolayer, a 
protein layer (e.g. streptavidin), a polymer network, a hydrogel, a His-tag etc. 

A cysteine residue introduced into the polypeptide scaffold can react via 
the SH group directly with the surface, e.g. gold. A cysteine residue intro- 

35 duced in the same way also can react via the SH group with a disulphide at- 
tached to the surface, Figure 9. This latter procedure is only meant as an illus- 
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tration and is explained in figure 8, but many other methods exist which will 
achieve the same purpose. 

The polypeptide scaffold according to the invention is highly suitable 
for determination of protein concentrations and protein affinities in biosensing 
5 applications. It can also be used for the determination of DNA, RNA and PNA 
concentrations and affinities, as well as carbohydrate concentrations and affini- 
ties. 

In the determination of protein concentrations or affinities polypeptide 
scaffolds may be used in arrays where the ligands of the polypeptide scaffolds 
10 have the same or different affinities for the protein or other substance that is to 
be studied. 

When polypeptide scaffolds having different affinities are used in arrays 
for biosensing applications they are suitable for measurements of analyte con- 
centrations, and when polypeptide scaffolds having the same affinity are used 

15 in arrays for biosensing applications they are suitable for measurements of the 
affinity of the analyte for the ligand used through the use of different dilutions 
of the sample for the different spots of the array. It is for example of interest to 
be able to determine the concentrations of proteins that are related to a disease, 
and to be able to determine the affinities of those proteins. Altered concentra- 

20 tions and affinities may suggest a pathological condition or the absence of a 
pathological condition. It is also of interest to be able to monitor the concentra- 
tions and affinities of proteins to prevent disease, and to predict the probability 
of disease. It is also of interest to determine the concentration of m-RNA, or 
carbohydrates or other biomolecules. 

25 The invention will now be further explained in the following example. 

The example is only intended to illustrate the invention and should in no way 
be considered to limit the scope of the invention. 

Brief description of the drawings 

30 In the examples, reference is made to the accompanying drawings on 

which: 

Figure 1 shows a modeled structure of KE2 and KE3, showing sites of 
introduction of dansyl, position 15, and benzenesulfonamide, positions 34 and 
8, respectively. Only the amino acid side chains in positions involved in func- 
35 tionalization are shown and only those in the sequence of KE2. Amino acid 
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sequences of KE2 and KE3, where lysine residues in bold represent sites of 
modification, are also shown. 

Figure 2 shows a fluorescence spectrum of 1 jliM KE2 (upper) and KE3 
(lower) modified with the dansyl fluorescent probe. Bold and thin curves cor- 
5 respond to peptides with and without benzenesulfonamide, respectively (KE2- 
PL, KE3-PL and KE2-P, KE3-P). Dotted lines represent spectra in the absence 
of HCAII, solid lines represent spectra where 50 |iM HCAII has been added. 
The fluorescence of the control peptides KE2-P and KE3-P is not affected by 
the presence of HCAII, but the fluorescence of KE2-PL is increased by 80%. 
10 KE3-PL displays a similar, but less pronounced, behavior. Note the significant 
difference between the fluorescence of KE3-PL and KE3-P. 

Figure 3 shows a sigmoid binding curve obtained upon titration of 1 \iM 
KE2-PL with HCAII by plotting the maximum fluorescence intensity versus 
the logarithm of free HCAII concentration. The affinity of the interaction was 
15 estimated to be 0.02 jaM from curve fitting using a two-state binding model. 

Figure 4 shows mean residue ellipticity of 1 KE2-PL (solid curve) 
and 1 nM KE2-PL in the presence of 2 ^iM HCAII (dotted curve). The dotted 
curve is the difference spectrum obtained by subtracting the spectrum of 2 jiM 
HCAII from that of 1 ^iM KE2-PL + 2 jaM HCAII. The spectrum of KE2-PL 
20 shows two minima at 208 and 222 nm that are typical of a-helical proteins. 
The helicity of the peptide was retained upon binding to HCAII. 

Figure 5 shows the affinity of the interaction between KE2-PL and 
HCAII was estimated to be 0.08 yM from a surface plasmon resonance-based 
analysis. The solid line represents the theoretical curve for equilibrium re- 
25 sponse as a function of peptide concentration with K<j = 0.08 ixM (bimolecular 
interaction model). Experimental data from duplicate measurements are shown. 

Figure 6 shows the sequences of KE2 and KE3, and also of LA-42b. 

Figure 7 shows the structures of compounds la, lb, Ic and Id. 

Figure 8 illustrates the procedure of immobilization via PDEA where a 
30 carboxylate residue linked to the gold surface of a Biacore chip is transformed 
into an N-hydroxysuccinimide (NHS) ester using EDC as coupling agent, and 
reacted with PDEA to form the corresponding amide. The Cys residue of the 
peptide KE3 was then reacted with the PDEA moiety to form the covalent di- 
sulfide bond. 
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Figure 9 shows a Biacore sensorgram describing the immobilization of 
KE3 in dextran matrix and on 100% carboxylate-presenting self assembled 
monolayer (SAM)using the procedure of Figure 8. 

S Example 

The design of the polypeptides KE2 and KE3 (see Figure 1) was based 
on the sequence of LA-42b, a 42 residue polypeptide that folds into a helix- 
loop-helix motif and dimerizes to form a four helix bundle [Andersson, L.; 
Stenhagen, G.; Baltzer, L. J. Org. Chem. 1998, 63, 1366-1367] (shown in Fig- 

10 ure 6 and as SEQ. ID. No. 4). Out of 42 residues of LA-42b more than 32 were 
conserved in the design of KE2 and KE3. The solution structure of LA-42b has 
been extensively studied by NMR and CD spectroscopy and because of the 
sequence similarities with KE2 and KE3 they, too, were assumed to fold into 
helix-loop-helix dimer motifs in aqueous solution. They were synthesized us- 

15 ing solid phase peptide synthesis and identified by mass spectrometry. The 
MALDI-TOF spectra of KE2 and KE3 showed single peaks at 4446.3 and 
4563.2, respectively (calc. 4446.0 and 4563.2). The peptides were designed to 
allow the site-specific incorporation of a fluorescent probe at the side chain of 
Lysl5, as well as of a ligand with high affinity for a target protein at the side 

20 chains of Lys34 (KE2) or Lys8 (KE3). The side chain of Lysl5 was or- 
thogonally protected to allow the coupling of a fluorescent probe on the solid- 
phase. Before cleaving the peptide from the resin the Lysl5 Alloc protection 
group was removed by three equivalents of Pd (PPh3) 4 in a mixture of 9.25 mL 
CHCI3, 0.5 mL AcOH and 0.5 mL N-methylmorpholine. Reaction of the selec- 

25 tively deprotected peptides with two equivalents of dansyl chloride in the pres- 
ence of eight equivalents of diisopropylethylamine in DMF provided KE2-P 
and KE3-P. The MALDI-TOF spectra of KE2-P and KE3-P showed single 
peaks at 4680.4 and 4868.2, respectively (calc. 4679.4 and 4867.6). The nota- 
tion -P indicates that a fluorescent probe has been covalently attached and the 

30 notation -PL indicates the attachment of both fluorescent probe and high- 
affinity ligand. 

The incorporation of the benzenesulfonamide ligand was accomplished 
by reacting the polypeptides with the active ester Id in aqueous solution at pH 
8. One of the inventors et al have previously shown that Lys34 is the most re- 
35 active of all lysine residues in LA-42b [Andersson, L. K.; Caspersson, M.; 
Baltzer, L. Chem. Eur J. 2002, In press] in terms of its reactivity towards ac- 



WO 03/080653 



PCT/SE03/00507 



8 

tive esters, because it is situated in a position that forms a part of the hydro- 
phobic core, and has a selectively depressed pK a value. Some competition from 
Lysl9 was observed [Andersson, L. K.; Dolphin, G. T.; Baltzer, L. ChemBio- 
Chem, 2002, in press] and therefore Lysl9 was replaced by Argl9 in the se- 
5 quence of KE2, and so was LyslO. No competition from Lys33 was expected 
based on the previous investigation and it was therefore not removed. In KE3 
Lys8 is less reactive than Lys34 and Lysl9, and only equally reactive as LyslO 
and Lys33, and consequently in KE3 all competing lysines were replaced by 
Arg residues. 

10 The affinity of HCAII for unprotonated la in aqueous phosphate buffer 

at room temperature and pH 6.5 has been reported previously, and the equilib- 
rium dissociation constant K<i was 27 ^iM. [Taylor, P. W.; King, R. W.; Bur- 
gen, A, S. V. Biochemistry 1970, 9, 2638-2645] Preliminary surface plasmon 
resonance-based affinity measurements suggested that for KE2-PL modi- 

15 fied with lb was in the |iM range and the inventors reasoned that in order to 
avoid competition from non-specific binding of HCAII a higher affinity ligand 
than that corresponding to la was needed. With benzenesulfonamide deriva- 
tives bearing alkyl chains of different lengths in the para position, increased 
affinities towards HCAII as compared to that of la have been reported [King, 

20 R. W.; Burgen, A. S. V. Proc. R. Soc. Lond. B 1976, 193, 107-125]. Thus, to 
increase the affinity of the benzenesulfonamide inhibitor, and to minimize 
sterical constraints upon HCAII binding that could be introduced by coupling 
the benzenesulfonamide ligand to the peptide, an aliphatic spacer was intro- 
duced. The N-hydroxysuccinimidyl ester of 4-carboxybenzenesulfonamide (lb) 

25 was reacted with 6-aminohexanoic acid to form Ic, which was further activated 
with A/-hydroxysuccinimide to form Id. 1.4 equivalents of Id were allowed to 
react with 1 equivalent of KE2-P or KE3-P in 50 mM Tris-HCI buffer at pH 
8.0 and room temperature. The modified peptides KE2-PL and KE3-PL were 
purified by reversed-phase HPLC on a Hichrom C-8-column using 0.1% TFA 

30 in 40% aqueous 2-propanol as the eluent and lyophilized. The yield was 55% 
and 77% for KE2-PL and KE3-PL, respectively. The MALDI-TOF spectra of 
KE2-PL and KE3-PL showed single peaks at 4977.2 and 5165.0, respectively 
(calc. 4975.7 and 5163.9). 

The biosensing capabilities of KE2-PL and KE3-PL were investigated 

35 by recording their fluorescence emission spectra between 450 and 650 nm 

upon excitation at 335 nm. Spectra were recorded of 1 piM peptide solutions in 
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10 mM HBS buffer at pH 7.4 and 298 K, in the absence and presence of 50 nM 
HCAII, with I jiM solutions of KE2-P and KE3-P as negative controls, Figure 
2. Upon addition of HCAII, the fluorescence intensities of KE2-PL and KE3- 
PL increased by 80% and 60%, respectively, whereas the fluorescence intensi- 
5 ties of the control peptides were not affected by HCAII. The observed intensity 
increases were thus caused by the binding of HCAII to the benzenesulfona- 
mide moiety of the peptide scaffolds, with negligible effects induced by non- 
specific protein-peptide interactions. The inventors interpret the intensity in- 
creases to arise from a change in molecular environment of the dansyl group 

10 upon binding of HCAII by the polypeptides; it appears that the probe is par- 
tially quenched in the unbound peptide, but less so when bound to HCAII. The 
polypeptides KE2-PL and KE3-PL are therefore capable of reporting on the 
presence of the target protein HCAII. Recognition is ensured by the specificity 
of the benzenesulfonamide ligand. 

1 5 Upon titration of 1 KE2-PL with 5 nM - 50 (iM HCAII, a sigmoid 

curve was obtained, Figure 3. For the bimolecular association between KE2-PL 
and HCAII, the equilibrium dissociation constant equals the concentration 
of free HCAII at the inflexion point. IQ was estimated to be 0.02 |aM from the 
best fit to the experimental results of an equation describing the dissociation of 

20 a bimolecular complex. This result constitutes the proof of principle for func- 
tional helix-loop-helix-based biosensor units, since binding results in fluores- 
cence intensity changes. The use of an array of peptides modified with ligands 
of different affinities, makes measurements of analyte concentrations possible, 
at levels of accuracy limited, in principle, only by the number of different li- 

25 gand variants available, and by the affinity range of those variants. 

The CD spectra of 1 jJVf solutions of KE2-P and KE3-P in 10 mM 
phosphate buffer at pH 7.5 revealed a higher degree of helical content than that 
of the template peptide LA-42b at comparable concentrations [Andersson, L. 
K.; Dolphin, G. T.; Kihlberg, J.; Baltzer, L. J. Chem. Soc.-Perkin Trans. 2 

30 2000, 459-464]. The mean residue ellipticity 0 22 2 was - 1 8 200 and - 1 5 900 deg 
cm 2 dmof 1 for 1 KE2-P and KE3-P, respectively, and that of 3 ^iM LA- 
42b was -7 500 deg cm 2 dmol" 1 . The large difference between the KE-P pep- 
tides and LA-42b suggests that the probe has an effect on helix stability, possi- 
bly due to the removal of a positive charge upon probe attachment [Andersson, 

35 • L. K.; Dolphin, G. T.; Kihlberg, J.; Baltzer, L. J. Chem. Soc.-Perkin Trans. 2 
2000, 459-464] or due to interactions between the probe and the hydrophobic 
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core. Difference CD spectra obtained by subtracting that of 2 pM HCAII from 
that of 1 KE2-PL and 2 ^tM HCAII showed that the helicity of KE2-PL 
was unchanged upon binding to HCAII, Figure 4. At these concentrations, and 
based on a dissociation constant of 0.02 jiM, more than 90% of the peptide is 
5 bound to HCAII. 

There was a significant difference between the fluorescence intensities 
of KE3-P and KE3-PL in the absence of HCAII. The attachment of a ligand in 
position 8 close to the probe in position 15 may change the peptide structure 
enough to decrease the quenching. This hypothesis is supported by the ob- 

10 served differences in helical contents between 1 |iM KE3-P and 1 yM KE3-PL, 
0222= -15 900 and -21 300 deg cm 2 dmol" 1 , respectively. 

The affinity obtained from fluorescence spectroscopy was compared to 
that measured with a surface plasmon resonance-based method, where the in- 
teraction between immobilized HCAII and KE2-PL in solution was monitored 

15 for a series of peptide concentrations ranging from 40 nM tolO |iM. The steady 
state affinity was estimated to be 0.08 fiM from curve fitting to a plot of equi- 
librium responses as a function of peptide concentration using a 1 : 1 binding 
model. Slightly non-ideal behavior was observed, which might be explained by 
an influence on the affinity by concentration-dependent supersecondary struc- 

20 ture formation of the peptide. The steady-state affinity of HCAII for Ic was 
also determined and K<j was found to be 0.044 nM: The results suggest that the 
affinity of HCAII for the ligand decreases due to steric effects when the ligand 
is attached to the peptide. An even longer spacer might be useful to increase 
the affinity of HCAII for the peptide even further. 

25 It has been shown that components that have been designed to specifi- 

cally recognize and bind an analyte and to signal this event via a reporter group 
can be introduced in a small synthetic molecule as part of a chemosensor. 
[Czarnik, A. W. Chem. Biol 1995, 2, 423-428; Chen, C. T.; Wagner, H.; Still, 
W. C. Science 1998, 279, 851-853]. In a biosensor, the recognition event is 

30 based on a biochemical mechanism, involving e. g. antibodies, enzymes or 
whole cells [Thevenot, D. R.; Toth, K.; Durst, R. A.; Wilson, G. S. PureAppl 
Chem. 1999, 77, 2333-2348]. The polypeptide scaffolds according to the in- 
vention have been designed and synthesized and as they are further modified 
with ligands their functions resemble those of chemosensors. However, as the 

35 scaffolds themselves do not contribute to recognition, which is based on a bio- 
chemical mechanism, the inventors present the ligand-modified polypeptides, 
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with or without a reporter group, according to the inventions as functional units 
in biosensor systems. 

These results demonstrate the first steps in the successful application of 
folded helix-loop-helix peptides to the area of biosensing. A peptide that binds 

5 to a receptor has been shown to be able to report on this event via a fluorescent 
probe. Furthermore, this concept has been applied to the determination of an 
affinity constant. The possibility of conveniently incorporating a wide range of 
probes and ligands at different relative positions provides an attractive way of 
optimizing the biosensing conditions, such as sensitivity and response, for any 

10 target biomacromolecule. As indicated by these results, the structure of the 
peptide scaffold also plays an important role in sensor performance. A deter- 
mination of analyte concentration is possible using an array of peptides modi- 
fied with ligands of different affinities. 



15 
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CLAIMS 

1. Polypeptide having a sequence according to SEQ. ID. No. 1, SEQ. 
ID. No. 2 and/or SEQ. ID. No. 3. 
5 2. Polypeptide scaffold consisting of a four helix bundle formed of two 

dimerized helix-loop-helix motifs, said helix-loop-helix motifs having se- 
quences independently selected from SEQ. ID. No. 1, SEQ. ID. No. 2 and 
SEQ. ID. No. 3. 

3. Polypeptide scaffold according to claim 2 comprising an anchoring 
10 group for attachment of the polypeptide scaffold to a solid surface, wherein 

said anchoring group is either an available amino acid residue in the sequence 
of the polypeptide scaffold, or a group attached to at least one of the polypep- 
tide chains forming the helix-loop-helix dimer. 

4. Polypeptide scaffold according to claim 2 or 3 comprising in one or 
15 both of the polypeptide chains of the dimer a ligand with affinity for a target 

molecule or ion, and a reporter group which gives rise to a measurable signal 
upon binding of said ligand to said target molecule or ion. 

5. Polypeptide scaffold according to claim 4 wherein said target mole- 
cule is a biomolecule. 

20 6. Polypeptide scaffold according to claim 5 wherein said ligand is se- 

lected from the group consisting of peptides with affinity for a protein, proteins 
with affinity for a protein, inhibitors of an enzyme* agonists of a receptor pro- 
tein, antagonists of a receptor protein, parts of DNA, parts of RNA, parts of 
PNA, carbohydrates, haptens, toxins, metabolites, transition state analogues, 

25 hormones, ion chelating agents, drugs, steroids, lipids and combinations of two 
or more of such ligands. 

7. Polypeptide scaffold according to any one of the claims 4-6, 
wherein said reporter group is localized at the side chain of Lys 15. 

8. Polypeptide scaffold according to any one of the claims 4-7, 
30 wherein said reporter group is a fluorescent probe. 

9. Polypeptide scaffold according to claim 8, wherein said fluorescent 
probe is selected from the group consisting of dansyl, fluorescein, rhodamin 
and nitrobensofurazan derivative. 

10. Polypeptide scaffold according to any one of the claims 2-9 
35 wherein both dimerized helix-loop-helix motifs have SEQ. ID. No. 2. 
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1 1 . Polypeptide according to any one of the claims 2-9 wherein both 
dimerized helix-loop-helix motifs have SEQ. ID. No. 3. 

12. Polypeptide scaffold according to any one of the claims 4-11 com- 
prising at least one helix-loop-helix motif having SEQ. ID. No. 2, wherein said 

5 ligand with high affinity for a target molecule or ion is localized at the side 
chain of Lys34 in said at least one helix-loop-helix motif having SEQ. ID. No. 
2. 

13. Polypeptide scaffold according to any one of the claims 4-11, 
comprising at least one helix-loop-helix motif having SEQ. ID. No. 3, wherein 

10 said ligand with high affinity for a target molecule or ion is localized at the 
side chain of Lys8. 

14. Polypeptide scaffold according to claim 12 or 13 wherein said ligand 
is benzenesulfonamide. 

15. Polypeptide scaffold according to claim 3, wherein said anchoring 
15 group is introduced at position 22 by attachment to a Cys, Lys or Glu residue 

or a non-natural amino acid. 

16. Polypeptide scaffold according to claim 15, wherein said non-natural 
amino acid has an aminooxy function. 

17. Polypeptide scaffold according to claim 3, wherein said anchoring 
20 group has been introduced site-specifically by attachment of a Afunctional 

molecule to the accessible amino acid residues. 

18. Polypeptide scaffold according to claim 17, wherein said bifonc- 
tional molecule has reacted with one of the amino acid residues in the polypep- 
tide scaffold, and another group that forms a bond with a solid surface. 

25 19. Polypeptide scaffold according to claim 17 or 18, wherein said bi- 

functional molecule has the general structure X-Rn-Y, wherein X is a func- 
tional group of the type COOH, NH 2 , SH, SSAr, CHO, CH 2 Br, CH 2 C1, or 
CH 2 I, R n is an alkyl or ethylene glycol chain comprising n carbons, and Y is a 
group of the type COOH, NH 2 , SH, biotin, biotin analogue, His-tag, fatty acid 

30 or cholesterol. 

20. Polypeptide scaffold according to claim 3, wherein said surface is 
the surface of a modified or unmodified metal, insulator, semiconductor or 
polymer. 

21. Polypeptide scaffold according to claim 3 or 20, wherein said solid 
35 surface is modified with an organic coating that is a self-assembled monolayer, 

a protein layer, a polymer network, a hydrogel, or a his-tag. 
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22. Polypeptide scaffold according to claim 3, wherein said surface is 
the surface of a vesicle, a micelle or a membrane. 

23. The use of at least two polypeptide scaffolds according to claims 3 
and 4 or according to claims 22 and 4 in detection and/or analysis of a target 

5 molecule or ion, wherein all polypeptide scaffolds have the same affinity for 
the target molecule or ion. 

24. The use of at least two polypeptide scaffolds according to claims 3 
and 4 or according to claims 22 and 4 in detection and/or analysis of a target 
molecule or ion, wherein all polypeptide scaffolds have different affinities for 

10 the target molecule or ion. 

25. The use according to claim 23 or 24, wherein said polypeptide scaf- 
folds are present in a solution in the wells of a microtiter plate or in indenta- 
tions on a solid surface. 

26. The use according to claim 23 or 24, wherein said polypeptide scaf- 
15 folds are present on a solid surface in the form of an array. 

27. The use according to any one of the claims 23 - 26 in a fluorometric 
biosensor system for identification, characterization and/or quantification of 
peptides, proteins, DNA, RNA, PNA, metabolites, carbohydrates, drugs, ster- 
oids, and/or inorganic ions. 

20 
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Immobilisation of KE3 on 100% carboxy late-presenting 
RU self assembled monolayer (SAM) 
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